Autonomous rhythmicity of clock genes controls the circadian rhythm and endogenous circadian rhythms regulates various biochemical, physiological, and biological processes, with a periodicity of about 24 h. Entrainment circadian clock of cells detects distinct patterns of circadian oscillation for clock genes. Although circadian disruptions have been implicated in cancer development, the altered circadian rhythm in human oral cancer remains largely unknown. Here we show that, upon entrainment by serum shock, cultured human oral epithelial cancer cell line, HSC-3, maintain an inner circadian oscillator, with key clock genes DEC1 and DEC2 oscillating in a circadian fashion. Serum-shocked HSC-3 cells exhibited an about 24 h oscillatory pattern of DEC1 and DEC2 protein and mRNA expression. Taken together, the results indicated that the transcription factors DEC1 and DEC2 modulate a rhythmic transcriptional regulation mechanism which can drive the expression of downstream genes involved in many cellular processes.
Introduction
Endogenous circadian clocks exist in most living beings that coordinate a wide variety of physiological, behavioral, and molecular circadian rhythms (1) (2) (3) . Peripheral tissues contain functional endogenous clocks and circadian rhythms are driven by biological clocks (4, 5) .
Circadian disruption can result in perturbed physiologic and health consequences (6) (7) (8) . Epidemiologic studies revealed a correlation between cancer and circadian disruption and overnight shift work as a probable carcinogen (9, 10) . Disruption of circadian rhythms has been shown to lead aging and cancer (11) (12) (13) .
Rhythmic expression is driven by transcriptional and post-translational feedback loops (11) and regulated exclusively by the clock genes (14, 15) . The relevance of circadian rhythms in efficacy of drugs lead to dose-and/or timedependent effects. The dosage time as well as drug dose determine the pharmacological or toxicological effects.
Adequate circadian timing of chronotherapy could improve tolerability (16) .
Expression of the clock gene Differentiated EmbryonicChondrocytes Expressed Gene 1(DEC1)is highly elevated in response to various environmental stimuli (17) (18) (19) . The transcription factor DEC2 also plays an important role in the circadian rhythm (20) . Previous studies showed a rhythmic expression of DEC1 and DEC2 mRNA in the suprachiasmatic nucleus, and peripheral tissues (21) (22) (23) (24) (25) . DEC1 and were harvested and sub-cultured. Serum shock experiment was carried out as described previously (25) . In brief, the cells were incubated with 50% horse serum for 2 h, and the medium was then replaced with DMEM supplemented with 5% FBS. The cells were harvested at the indicated times and subjected to various analysis.
RNA extraction and Quantitative Real Time-PCR (QRT-PCR)
Total RNA was extracted from HSC-3 cells using an RNeasy Mini Kit (Qiagen, Tokyo, Japan), as described previously (26 
Statistical analysis
Statistical analyses were done by one-way ANOVA and Dunnettʼs Test. A P-value of less than 0.05 is considered statistically significant.
Results

DEC1 and DEC2 displayed a rhythmic expression after serum shock
Serum-shocked HSC-3 cells exhibited an about 24 h oscillatory pattern of DEC1 and DEC2 protein and mRNA expression. DEC1 protein was increased at T8, gradually decreased and reached a peak at T28, then gradually decreased and increased again between T44 to T48 (Fig. 1) .
In contrast, DEC2 protein was gradually increased from T8, reached a peak at T24, then increased again between T44 to T48 (Fig. 1 ). DEC1 and DEC2 mRNA also showed the trend of circadian oscillation after serum shock (Fig. 2) . There are statistically significant differences in synchronized cells compared with the T0 time point(one-way ANOVA). We observed no significant time-dependent differences in unsynchronized HSC-3 cells(data not shown).
Discussion
Molecular clock modulates normal cell function and clock genes plays a major role in the regulation of circadian rhythms. Peripheral tissues are also rhythmically expressed (27, 28) . The circadian rhythm regulates a variety of biological processes (29) and circadian disruption is associated with the increased susceptibility to cancers (30) .
Chronotherapy has been widely used in the treatment of diseases (31) . In order to understand the effects of circadian rhythms and the consequences of circadian disruption, we set out to examine whether serum-shocked cultured human Chronotherapy aims at determining optimal dosing schedules based mostly upon physiological circadian rhythms (35, 36) . Core circadian genes rhythmic expression is present in most peripheral tissues (37) . The rhythmic expression is induced in cultured fibroblasts upon entrainment by serum shock (38) . DEC1 overexpression decreased the expression level of DEC2, whereas DEC1 deficiency increased the expression of DEC2 mRNA (23) . Thus, overexpression and deficiency of DEC1 had virtually opposite effects on the phase and expression levels of DEC2. 
